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Abstract 
The response of a structure to the vibration caused by Siemens-Schottel-Propulsor (SSP) is studied in this paper, 
which is determined by the coupling effect between ship structure and SSP vibration. According to the structure of 
wave propagation equation and the characteristics of vibration isolation, simple harmonic variation and propagation 
are theoretically calculated in the different vibration materials. Therefore, it is revealed the characteristics of wave 
propagation in the time domain and frequency domain. The results show that selection for the vibration isolation and 
structural SSP mounting provides a basis for SSP cushion materials. 
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1. Introduction 
Vibration and noise reduction is one of the key technologies in SSP shipbuilding. Active vibration 
control technology is a promising method for vibration reduction [1], especially for SSP high demanding 
areas. Passive vibration isolation technology is often used in ship construction due to its simple, 
economical characteristic, and a lot of researches have been performed as well [2]. For example: Ingo 
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Drummena et all carried out the non-linear vibration technology research based on the experiments [3]. 
Lee focus on the aerodynamic damping technology [4]. Jensen et all studied of hull vibration caused by 
the waves [5]. For the SSP ships, convenient, practical and economical method of passive damping 
method is still in wide range of applications [6-7]. 
In this paper, the simple harmonic wave propagation in the structure of the 2 different soft and hard 
materials for SSP mounting base has been calculated. Hence, the wave propagation and its variation in 
these 2 different materials can be analyzed in order to get economic and reasonable vibration damping 
method and the appropriate structure to improve the shipbuilding Industry's competitiveness. 
2. The calculation of wave propagation and variation in simple harmonic vibration isolation 
material for SSP 
The main source of vibration for podded propulsion ship is from SSP Propulsor.  SSP propeller 
vibration is passed through the SSP body and mounting base to the ship hull. If the SSP mounting base 
vibration can be reduced, it will greatly improve the working conditions and comfort level of the ship. 
The model of vibration isolation is shown in Fig.1 (a). u(t) represents the vibration loads that caused the 
displacement of material y direction. 
According to the simple harmonic propagation, there is: 
2 ( )tt xx xyu c u u= +                                                                                                                            (1) 
Here c is spread velocity. Different simple harmonic propagation, c is not same. In addition, in the 
boundary, as shown in Fig.1, there is 
0 0( ) sin( )yu u t u tω ϕ= = = +                                                                                                        (2) 
The numerical method is adopted to solve the equation. Two different materials M1 and M2 are used to 
improve the isolation effect. 
Setting the thickness of material M1 is 0.5 meter, the material M2 thickness is 0.3 m and their densities, 
elastic modulus are 500kg/m3, 700kg/m3; 20MPa, 50MPa respectively. Take ω=1 rad / s, since the initial 
phase does not affect the mechanical essence, assumed as φ=0. The numerical calculation grid is shown in 
Fig.1 (b), the lower part represents SSP body, the upper part represents ship hull. 
 
 
Fig. 1. (a) the model of vibration isolation; (b) the grid computing of two different materials 
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3. Results analysis 
There is a problem regarding a limited space of wave propagation. According to the actual wave 
propagation, setting the material M1 and material M2 as a transmitting boundary, and setting other 
boundaries as reflecting boundary. The computational results showed that the size and direction of 
isolation materials internal vibration instantly change with the simple harmonic vibration. The wave 
fluctuations of a time are shown in Fig.2. 
 
 
Fig.2 wave propagation within two different materials 
As a result, vibration reaches the maximum on the lower edge of M1, then, gradually decays upward, 
as to the hull part, the intensity of vibration has been decreased a lot and the damping effect is obvious. 
Take the mid-point as an example, three curves in Fig.3 (a) correspond to the magnitude of amplitude 
attenuation of point A, B and C in Fig.1(b) acted on the external harmonic vibration. With the spread of 
vibration, the waveform is gradually modified and the simple harmonic vibration is transformed to the 
random vibration. This also reflects the structure effects on the vibration’s response.  
Fig. 3 (b) reflects the frequency changes of point A, B and C in Fig.1 (b). With the vibration 
attenuation, the frequency spread from the frequency concentration domain to a comparatively wide band. 
This also reflects the structure’s "filter" transform role on the vibration. 
Take the parameters of general vibration isolation material of rubber. Simulate with 5 different sets of 
parameters (see Table 1), and their variations of the vibration effective value are shown in Fig.3(c). 
Effective value of vibration (root mean square value) can be expressed as follows: 
2
1
N
i
i
A NA
=
= ∑                                                                                                                             (3) 
Where Ai means the vibration amplitude at some point including all the calculations time of 
damping material; N represents the sampling points of the full calculations time. 
It can be seen from Fig. 3(c) that the wave’s ups and downs are still relatively large after the first layer 
of cushioning material; waveforms despite ups and downs, but the change is much smaller through the 
buffer of layer 2. In addition, in accordance with the classification of damping effect, damping 
combinations of 4,3,2,6 better (Table 2, the far right of column 1), reflecting the good damping results. 
Hence, material parameters’ gap between the 2 layers must be made widen, that is, make as large as 
possible "soft" and "hard" difference. 
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Fig. 3 (a) amplitude changes; (b) vibration frequency; (c) vibration transmissibility changes of different damping combinations 
Table 1. Calculation parameters 
Parameters Material 1 Material 2 Material 3 Material 4 Material 5 
Elastic modulus E (Pa) 200000 500000 900000 2000000 7000000 
Density ρ (Kg/m3) 600 680 720 800 860 
Poisson ratio υ 0.25 0.26 0.27 0.28 0.3 
Lamé coefficients G 80000 198412.7 354330.7 781250 2692308 
Lamé coefficients λ 80000 214947.1 415953.4 994318.2 4038462 
( 2 )Gc λ ρ+=  20 29.99442 39.5217 56.53338 104.676 
Table 2. Combinations of different Structure of vibration isolation materials 
Combine Calculation Material 1 Material 2 Material 3 Material 4 Material 5 effect 
1 # #     
2 #  #   better 
3 #   #  better 
4 #   # best 
5  # #    
6  #  #  good 
7  #  #  
8   # #   
9   #  #  
10    # #  
Take the longitudinal wave as the example in the above calculation. In fact, in isolation materials, such 
a small space, the transverse, longitudinal waves of body waves and surface waves reflects each other and 
superimposed, it is difficult to make it completely clear of a variety of wave vibration at different spatial 
points. However, for engineering applications, longitudinal wave amplitude and frequency domain can be 
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calculated and this can be used to estimate the impact of other waves, to figure out the vibration isolation 
characteristics of different structures in order to improve the structure design of vibration reduction for 
SSP. 
4. Conclusions 
As can be seen from the above calculations, the larger difference between "soft" and "hard" vibration 
isolation materials and the more obvious is damping effect. Under its action, the amplitude of simple 
harmonic loading significantly reduced, helping improve the security and reliability of the SSP; however, 
when the amplitude reduced, the range of fluctuations in the frequency domain also expanded. 
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